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(57) ABSTRACT 

A semiconductor die package is disclosed. The semiconduc 
tor die package comprises a metal Substrate, and a semicon 
ductor die comprising a first Surface comprising a first 
electrical terminal, a second Surface including a second 
electrical terminal, and at least one aperture. The metal 
substrate is attached to the second surface. A plurality of 
conductive structures is on the semiconductor die, and 
includes at least one conductive structure disposed in the at 
least one aperture. Other conductive structures may be 
disposed on the first surface of the semiconductor die. 
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SEMCONDUCTOR DE PACKAGES USING THIN 
DES AND METAL SUBSTRATES 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

0001. None. 

BACKGROUND OF THE INVENTION 

0002. As power semiconductor devices have evolved and 
on-resistance has decreased, the contribution of the Substrate 
layer in a semiconductor die to the total resistance has 
grown. One way to further reduce the on-resistance in a 
power semiconductor device is to use a thinner semicon 
ductor die. Also, thin semiconductor dies dissipate heat 
better than thicker semiconductor dies. 

0003 U.S. patent application Ser. No. 11/189,163, filed 
on Jul. 25, 2005, entitled "Semiconductor Structures Formed 
On Substrates And Methods of Manufacturing The Same'. 
by Qi Wang, et al. describes a method for producing a thin 
semiconductor die. The described method includes transfer 
ring a thin doped substrate layer to a handle wafer with an 
oxide interposer layer. The thin substrate layer (1-3 microns) 
can be processed by standard methods, including epi (epi 
taxial) deposition. The handle wafer is eventually replaced 
by a thick metal Substrate to eliminate the normal semicon 
ductor substrate contribution to the on-state resistance of 
formed devices. The resulting structure can then be seg 
mented into chips that can be incorporated into conventional 
semiconductor die packages. 
0004 Embodiments of the invention provide for semi 
conductor die packages that are particularly Suitable for use 
with the above-described semiconductor dies. However, 
embodiments of the invention need not be exclusively used 
with the above-described semiconductor dies. As will be 
described in further detail below, the semiconductor die 
packages according to embodiments of the invention can 
provide for lower on-resistance and better heat dissipation 
properties than conventional semiconductor die packages. 
0005 Embodiments of the invention address the above 
problems, and other problems, individually and collectively. 

SUMMARY OF THE INVENTION 

0006 Embodiments of the invention are directed to semi 
conductor die packages and methods for making the same. 
0007 One embodiment of the invention is directed to 
semiconductor die package. The semiconductor die package 
comprises a metal Substrate, and a semiconductor die com 
prising a first Surface comprising a first electrical terminal, 
a second Surface including a second electrical terminal, and 
at least one aperture. The metal substrate is attached to the 
second Surface. A plurality of conductive structures is on the 
semiconductor die, and includes at least one conductive 
structure disposed in the at least one aperture. Other con 
ductive structures may be disposed on the first surface of the 
semiconductor die. 

0008 Another embodiment of the invention is directed to 
a method for forming a semiconductor die package. The 
method comprises obtaining a semiconductor die compris 
ing a first Surface comprising a first electrical terminal, and 
a second Surface including a second electrical terminal. The 
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metal substrate is attached to the second surface of the 
semiconductor die, and at least one aperture is formed in the 
semiconductor die, thereby exposing a portion of a surface 
of the metal substrate. At least one conductive structure is 
deposited in the at least one aperture, where the at least one 
conductive structure is in electrical communication with the 
metal Substrate. 

0009. Other embodiments of the invention are directed to 
electrical assemblies incorporating the semiconductor die 
packages according to embodiments of the invention, as 
well as methods for forming Such electrical assemblies. 

0010. These and other embodiments of the invention are 
described in further detail below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 FIGS. 1(a)-1(c) show cross-sections of a semicon 
ductor die package according to an embodiment of the 
invention as it is being formed. FIG. 1 (c) specifically shows 
a specific semiconductor die package embodiment that 
includes solder bumps. 

0012 FIG. 1(d) shows the package shown in FIG. 1(c) 
mounted to a printed circuit board. 

0013 FIG. 2 shows a side, cross-sectional view of a 
another semiconductor die package according to another 
embodiment of the invention with a reinforcing mechanical 
layer. 

0014 FIG. 3 shows a side, cross-sectional view of 
another semiconductor die package according to another 
embodiment of the invention with plated metal layers. 

0015 FIG. 4 shows a side, cross-sectional view of 
another semiconductor die package according to another 
embodiment of the invention including two semiconductor 
dies. The semiconductor die package can be used in a 
synchronous buck converter circuit. 

0016 FIG. 5 shows a side, cross-sectional view of a 
semiconductor die package according to an embodiment of 
the invention. In this example, the package includes first and 
second metal layers respectively connected to input and 
output terminals of a device in a semiconductor die. The first 
and second metal layers overlap. 

0017 FIG. 6 shows a top view of the semiconductor die 
package shown in FIG. 5. 

0018 FIG. 7 shows a side cross-sectional view of another 
semiconductor die package embodiment. The semiconduc 
tor die package embodiment has a metal Substrate that serves 
as a common output for two semiconductor dies attached to 
the metal Substrate. The two semiconductor dies may or may 
not be the same type. They could have different performance 
properties, where their combination would provide the most 
desirable effect. 

0019. These and other embodiments of the invention are 
described in further detail below with reference to the 
Detailed Description. Also, for clarity of illustration, some 
features in the Figures may not be drawn to scale. 
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DETAILED DESCRIPTION 

0020 Embodiments of the invention are directed to semi 
conductor die packages and methods for making semicon 
ductor die packages. In one embodiment, a semiconductor 
die package according to an embodiment of the invention 
includes a metal Substrate, and a semiconductor die includ 
ing a first Surface including a first electrical terminal, a 
second Surface including a second electrical terminal, and at 
least one aperture. The first and second terminals could be 
input (e.g., source or gate) or output (e.g., drain) terminals, 
respectively. The metal substrate is attached to the second 
surface of the semiconductor substrate. Conductive struc 
tures including first and second conductive structures are on 
the semiconductor die. At least one first conductive structure 
is disposed in the at least one aperture in the semiconductor 
die. At least one second conductive structure is disposed on 
the first surface of the semiconductor die. The first and 
second conductive structures may include the same or 
different types of conductive materials. 
0021. Some embodiments of the invention can be 
described with reference to FIGS. 1(a)-1(c). In these 
embodiments, a finished ultra-thin wafer device (UTW) is 
produced according to the method described in U.S. patent 
application Ser. No. 11/189,163, which is herein incorpo 
rated by reference in its entirety for all purposes. At an 
appropriate time in the process flow, additional processing 
occurs from the top of a semiconductor die to remove a 
portion of the semiconductor die overlying a relatively thick 
metal Substrate that is under and attached to the semicon 
ductor die. (The semiconductor die is typically present with 
other semiconductor dies in an array in a semiconductor 
wafer.) As a result, one or more apertures are formed in the 
semiconductor die. After processing, the Surface of the metal 
Substrate may be exposed through the apertures. 
0022. After forming one or more apertures in the semi 
conductor die, solder balls, or other conductive structures 
(e.g. copper studs), are deposited on the Surface of the 
semiconductor die and within the one or more apertures. 
This provides a topside connection to the backside metal 
substrate as shown in FIG. 1 (c). 
0023 The resulting package is a completed power semi 
conductor die package, and can have a configuration similar 
to a MOSFET BGA type semiconductor die package (see, 
e.g., U.S. Pat. No. 6,133,634). However, unlike a conven 
tional MOSFET BGA type semiconductor package, the 
metal substrate in the invention embodiment is attached to a 
semiconductor die during the processing of the wafer which 
contains the semiconductor die. This reduces the cost asso 
ciated with handling individual semiconductor dies and 
packaging them. Furthermore, the semiconductor Substrate 
resistance is eliminated so that the performance is improved, 
and the formed package is even Smaller than a conventional 
MOSFET BGA type semiconductor package. Further details 
are provided below with reference to FIGS. 1(a)-1(c). 
0024 FIG. 1(a) shows an intermediate structure 700 
comprising a semiconductor die 107. The intermediate 
structure 700 can be formed by the process that is described 
in U.S. patent application Ser. No. 11/189,163, which is 
herein incorporated by reference in its entirety for all pur 
poses. One intermediate structure 700 is shown for clarity of 
illustration. It is understood that the intermediate structure 
700 shown in FIG. 1(a) may be one of many intermediate 
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structures in an array of semiconductor dies in a single 
semiconductor wafer that is being processed. 
0.025 The semiconductor die 107 has a first surface 
107(a) and a second surface 107(b). The second surface 
107(b) of the semiconductor die 107 is attached to a metal 
substrate 118. The metal substrate 118 may have been 
previously laminated to the semiconductor die 107. Alter 
natively, the metal substrate 118 can be deposited on the 
semiconductor die through some other process (e.g., vapor 
deposition, electroplating and low temperature thermal 
bonding). 
0026. A metal layer 116 is on the first surface 107(a) of 
the semiconductor die 107. The metal layer 116 may include 
any suitable material. For example, the metal layer 116 may 
comprise a solderable metal material Such as an underbump 
metallurgy combination. An underbump metallurgy combi 
nation is a stack of metal that is used in a solder bump 
process. The stack may include at least two of an adhesion 
layer, a diffusion barrier, a wetting layer, and an oxidation 
protection layer. The metal layer 116 may also have any 
suitable thickness. The metal layer 116 may be formed using 
any Suitable process including vapor deposition, electroplat 
ing, etc. 
0027. The semiconductor die 107 may have any suitable 
thickness. For example, the semiconductor die 107 may 
have a thickness that is less than about 50 microns, and 
preferably less than about 30 microns (e.g., 10 to 30 microns 
thick) in some embodiments of the invention. As explained 
above, thinner semiconductor dies provide for lower on 
resistance properties as well as better thermal dissipation 
properties. 

0028. The first surface 107(a) of the semiconductor die 
107 may coincide with a first electrical terminal, and the 
second surface 107(b) of the semiconductor die 107 may 
coincide with a second electrical terminal. The first electrical 
terminal may be an input terminal, while the second elec 
trical terminal may be an output terminal. For example, the 
first electrical terminal at the first surface 107(a) may be a 
source terminal S or a gate terminal G in a power MOSFET, 
while the second terminal may be a drain terminal D in the 
power MOSFET at the second surface 107(b). There may be 
additional terminals at the first and second surfaces 107(a), 
107(b) in addition to the first and second terminals. 
0029. In FIG. 1(a), a gate structure 702 is shown in the 
semiconductor die 107. The gate structure 702 may be in the 
form of a filled trench, and the trench may be filled with a 
conductive material Such as doped polysilicon or metal, and 
may have a corresponding gate terminal G that coincides 
with the first surface 107(a) of the semiconductor die 107. 
0030 The first and second terminals may also form 
terminals in a functioning semiconductor device. Suitable 
semiconductor devices include vertical devices including 
power MOSFETs, IGBTs, bipolar power transistors, etc. 
Other devices including power RF LDMOS devices, MMIC, 
and other IC devices (that depend on low ground loop 
inductance and resistance) could benefit from this package 
concept by providing interconnects that directly connect to 
a ground plane. RF LDMOS devices, in particular, utilize 
Source to Substrate interconnects for this purpose. Such 
interconnects could be replaced by direct interconnects to 
the ground, thus improving the performance of this class of 
devices in RF power transmission applications. 
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0031. The metal substrate 118 may have any suitable 
properties and may have any suitable configuration. For 
example, the metal Substrate 118 may comprise a metal Such 
as copper, aluminum, noble metals, and alloys thereof. The 
metal substrate 118 is preferably thick, relative to the 
semiconductor die 107. For example, the thickness of the 
metal substrate 118 may be greater than about 5 microns, 
and preferably greater than about 100 microns thick (e.g., 
100-200 microns thick) in some embodiments. As illustrated 
by these examples, the metal substrate is preferably thicker 
than the semiconductor die 107. 

0032. As shown in FIG. 1(b), after obtaining the inter 
mediate structure 700 shown in FIG. 1(a), the semiconduc 
tor die 107 is etched to form apertures 904 at pre-selected 
locations. The apertures 904 may have any suitable dimen 
sions, or shape, and may be formed using any known 
material removal process including etching (wet or dry), 
milling, etc. After forming the apertures 904 in the semi 
conductor die 107, at least a portion of a surface of the metal 
substrate 118 is exposed through the apertures 904. Any 
suitable number of apertures 904 may be formed in the 
semiconductor die 107. 

0033) As shown in FIG. 1(c), conductive structures 900 
are deposited on the metal substrate 118 and the semicon 
ductor die 107. The conductive structures 900 include at 
least one first conductive structure 900(a), and at least one 
second conductive structure 900(b). 
0034. The conductive structures 900 may comprise any 
Suitable material, and may be in any suitable form (e.g., 
columns, balls, and structures with flat and/or rounded 
surfaces). Suitable materials include solder (lead based and 
lead free), and conductive metals such as copper. If the 
conductive structures 900 include solder, then solder reflow 
processes that are known in the art can be used. 

0035) The conductive structures 900 may also be formed 
using any suitable process. For example, Screen printing 
processes, vapor deposition processes, electroplating pro 
cesses, pick and place processes, etc. may be used to form 
the conductive structures 900. 

0036) As shown in FIG. 1(d), once the semiconductor die 
package shown in FIG.1(c) is formed, it can be flipped over 
and mounted to a circuit board 990 to form an electrical 
assembly. The circuit board 990 includes a dielectric layer 
991 and conductive pads 992(a), 992(b). Suitable circuit 
boards are known in the art and may include any number of 
conductive pads, lines, and layers, and any number of 
dielectric layers. 

0037. The first surface 107(a) of the semiconductor die 
107 would face toward the circuit board 990 while the 
second surface 107(b) would face away from the circuit 
board. In the electrical assembly, the first conductive struc 
tures 900(a) could serve as input connections for a semi 
conductor device (e.g., a power MOSFET) in the semicon 
ductor die 107, while the second conductive structures 
900(b) may serve as output connections for the semicon 
ductor device. Input current can flow from the conductive 
pad 992(a) on the circuit board 990 to the first conductive 
structures 900(a) and to the die 107. Output current can be 
routed from the second surface 107(b) of the semiconductor 
die 107 to the metal substrate 118, to the second conductive 
structures 900(b), and to conductive pads 992(b) on the 
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circuit board 990. The metal Substrate 118 and the thinner 
semiconductor die 107 provide the resulting semiconductor 
die package with lower on-resistance and better thermal 
dissipation properties. 
0038. In other embodiments, the package shown in FIG. 
1(c) need not be flipped over and mounted to a circuit board. 
For example, the package could be mounted so that metal 
substrate 118 is attached to and faces the circuit board 990. 
The conductive structures 900 on the other side of the 
package could be electrically coupled to conductive pads on 
the circuit board using wires, leadframes, or other conduc 
tive bodies. 

0.039 FIG. 2 shows another embodiment of the inven 
tion. In FIGS. 1 (c) and 2, like numerals designate like 
elements. The configuration shown in FIG. 2 is similar to the 
configuration in FIG. 1 (c). However, in FIG. 2, the metal 
substrate 118 is thinner (e.g., less than 10 microns thick, or 
between about 5-10 microns in thickness) than the substrate 
118 that is shown in FIG. 1 (c). In addition, an additional 
mechanical layer 119 is on the metal substrate 118. The 
mechanical layer 119 mechanically Supports the semicon 
ductor die 107 and the metal Substrate 118. The CTE 
(coefficient of thermal expansion) of the mechanical layer 
119 can be chosen so that is substantially matches that of the 
semiconductor die 107. 

0040. The mechanical layer 119 can have any suitable 
predetermined thermal, electrical, and mechanical proper 
ties. For example, the mechanical layer may comprise an 
insulating material that has high thermal conductivity (e.g., 
ceramic). A heat sink can also be directly attached to the 
mechanical layer 119 if desired. 
0041. The semiconductor die package shown in FIG. 2 
has a number of advantages. For example, the semiconduc 
tor die package is rigid and thin so that the overall thickness 
of the package can be reduced. Also, since the metal 
substrate 118 has a reduced thickness, costs may also be 
reduced, relative to the embodiment shown in FIG. 1 (c). 
0042 FIG. 3 shows another embodiment of the inven 
tion. In FIGS. 1 (c) and 3, like numerals designate like 
elements. The package shown in FIG. 3 can be connected to 
external leads with wire bonds, clips, or ribbon connectors, 
or it could be flipped over and mounted to a circuit board or 
the like. 

0043. In the embodiment shown in FIG. 3, a topside 
metal (e.g., aluminum) layer 116 is on the semiconductor die 
107. Plated metal 910 fills the apertures 904 instead of solder 
as in the embodiment in FIG. 1 (c). Solderable top surface 
over coatings 912(a), 912(b) are in contact with and are 
disposed over the topside metal layer 116 and plated metal 
910. If desired, the top solderable surface over coatings 
912(a), 912(b), and/or the topside metal layer 116 and the 
plated metal 910 can also be planarized using conventional 
techniques (e.g., CMP or chemical mechanical polishing), if 
desired. The plated metal 910 could alternatively be formed 
using other deposition processes such as CVD, PVD, etc. 
The plated metal 910 may also comprise any suitable metal 
including copper, aluminum, tungsten, alloys thereof, etc. In 
addition, although only two plated metal vias are shown in 
FIG. 3, embodiments of the invention can have more vias, 
if desired. 

0044) In the embodiment shown in FIG. 3, electrical 
connections to the metal substrate 118 can be formed by 
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plating or otherwise depositing metal within the apertures 
904. When the package is mounted to a circuit board, the 
plated metal 910 could be used in combination with solder 
balls or metal studs to join the package to the circuit board. 
0045 FIG. 4 shows another semiconductor die package 
according to an embodiment of the invention. The semicon 
ductor die package can provide for a single package solution 
in a synchronous buck converter application. Synchronous 
buck converter systems are described in U.S. Pat. No. 
6,806,580, which is herein incorporated by reference in its 
entirety for all purposes. The semiconductor die package can 
also be attached to a heat sink (not shown), if desired. The 
package shown in FIG. 4 may be characterized as having an 
“H-bridge' configuration. 

0046. In the semiconductor die package embodiment 
shown in FIG. 4, there are first and second semiconductor 
dies 177(a), 177(b) disposed on metal substrates 118(a), 
118(b). The first and second semiconductor dies 177(a), 
177(b), can have respective first surfaces 177(a)-1, 177(b)-1, 
and second surfaces 177(a)-2, 177(b)-2. As in the prior 
embodiments, metal layers 116(a), 116(b) may be disposed 
on the first surfaces 177(a)-1, 177(b)-1 of the first and 
second semiconductor dies 177(a), 177(b). The metal layers 
116(a), 116(b) may comprise solderable metals. A single 
mechanical layer 119 may support both of the metal sub 
strates 118(a), 118(b). 
0047 The semiconductor die package shown in FIG. 4 
includes a plurality of conductive structures 940 on the first 
and second semiconductor dies 177(a), 177(b). The plurality 
of conductive structures 940 includes a first plurality of 
conductive structures 940(a), at least a second conductive 
structure 940(b), a plurality of third conductive structures 
940(c), and at least a fourth conductive structure 940(d). The 
first, second, third, and fourth conductive structures 940(a)- 
(d) may comprise any suitable material and may be formed 
using any Suitable process. Exemplary materials and pro 
cesses are described above. 

0.048. The semiconductor die package shown in FIG. 4 
also comprises a number of dielectric layers 960(a), 960(b), 
960(c). The first dielectric layer 906(a) can isolate regions 
where the first plurality of conductive structures 940(a) 
reside from adjacent conductors. The second dielectric layer 
906(b) can electrically isolate the second conductive struc 
ture 940(b), from drain current flowing in the second semi 
conductor die 177(b) and the second metal substrate 118(b). 
A third dielectric layer 960(c) can isolate the third and fourth 
conductive structures 940(c), 940(d) from each other and 
other conductors 

0049. The first, second, and third dielectric layers 960(a), 
960(b), 960(c) may comprise any suitable dielectric mate 
rial, may have any suitable thickness, and may be formed 
using any suitable process (e.g., chemical vapor deposition, 
spin coating and curing, etc., along with Suitable lithography 
processes known in the art). For example, the dielectric 
layers 960(a), 960(b), 960(c) may comprise an insulating, 
patternable polymeric material Such as polyimide. 

0050. Once the semiconductor die package shown in 
FIG. 4 is formed, it can be flipped over and mounted to a 
circuit board or the like to form an electrical assembly. In the 
electrical assembly, the first plurality of conductive struc 
tures 940(a) can serve as Source inputs to source terminals 
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at the first surface 177(a)-1 of the first semiconductor die 
177(a) (a gate input is not shown). Drain current from the 
second surface 177(a)-2 of the first semiconductor die 
177(a) can flow to the first metal substrate 118(a), to the 
second conductive structure 940(b), and to a pad on the 
circuit board (not shown) which electrically couples the 
second conductive structure 940(b) to the third conductive 
structures 940(c). The current then flows to the source 
terminals at the first surface 177(b)-1 of the second semi 
conductor die 177(b) via the third conductive structures 
940(c). Drain current from the second semiconductor die 
177(b) then flows to the second metal substrate 118(b), to the 
fourth conductive structure 940(d), and to an output con 
ductive pad on the circuit board (not shown). 
0051) If the first and second semiconductor dies 177(a), 
177(b) include high and low side MOSFETs (typically in a 
synchronous buck converter circuit), the second conductive 
structure 940(b) may serve as a connection between the 
drain in one MOSFET to the source in the other MOSFET. 
(The gate connections to the first and second semiconductor 
dies 177(a), 177(b) are not shown in FIG. 4.) 
0.052 FIGS. 5 and 6 show another semiconductor die 
package according to another embodiment of the invention. 
As shown in FIGS. 5 and 6, the size (lateral dimensions) of 
a semiconductor die package can be further reduced by 
reducing the dimension of the top metal connection to the 
backside metal/mechanical layer and increasing the number 
of connections. “Vias’ are created to the backside metal/ 
mechanical layer as in prior embodiments. The connection 
to the backside can then be made above a top metal layer 
upon an insulating dielectric film, which is on a semicon 
ductor die. This reduces the size of the semiconductor die 
package. The size and quantity of the Vias can also be altered 
to meet electrical current demands. By having multiple 
connections, the reliability of the connection to the semi 
conductor die package is increased. 
0053 Referring to FIG. 5, as in prior embodiments, a 
semiconductor die 708 is attached to a metal substrate 706. 
An aperture 715 is formed in the semiconductor die 708 as 
previously described. A second metal layer 718(a) is formed 
over a first metal layer 718(b) on the semiconductor die 708, 
and a second solderable metal layer 704(a) is formed on a 
second metal layer 718(b). A dielectric layer 710 is also 
formed on the semiconductor die 708 and the first metal 
layer 718(b). The dielectric layer 710 may be formed from 
polyimide or the like. A conductive via 714 is formed in the 
aperture 715, and connects second top metal layer 718(a) to 
the metal substrate 706. A first solderable metal layer 704(b) 
may also be formed on the first metal layer 718(b). 
0054 As in prior embodiments, a plurality of conductive 
structures 702 is on the semiconductor die 708. The plurality 
of conductive structures 702 includes a first plurality of 
conductive structures 702(a) electrically coupled to the 
metal substrate 706, and a second plurality of conductive 
structures 702(b) electrically coupled to the top of the 
semiconductor die 708. The first plurality of conductive 
structures 702(a) can provide a drain output for a MOSFET 
in the semiconductor die 708, while the second plurality of 
conductive structures 702(b) can provide a source input for 
the MOSFET in the semiconductor die 702. 

0055 As shown, the first plurality of conductive struc 
tures 702(a) overlap with a portion of the semiconductor die 
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708, thereby reducing the lateral dimensions of the formed 
package and providing for a greater number of input and/or 
output terminals for the semiconductor package. 
0056 FIG. 6 shows a top view of the semiconductor die 
package shown in FIG. 6. The vias 714 are shown. As 
shown, the second solderable metal layer 704(a) overlies the 
first solderable metal layer 704(b). In FIG. 6, as in FIG. 5, 
the first metal layer 718(a) would be connected to the metal 
mechanical layer 706 through the vias 714. In FIG. 6, the 
first metal layer 718(a) and the metal mechanical layer 706 
are not shown. 

0057. In preferred embodiments, the application of any 
solderable layers could be postponed until after any base 
conductive (aluminum) layers are in place. 
0.058 FIG. 7 shows another embodiment of the present 
invention. In FIG. 7, the configuration is similar to the 
configuration shown in FIG. 1 (c), however, in FIG. 7, a 
backside metal substrate 504 can be used as a common 
conduit for a common drain dual die application. As shown, 
two semiconductor dies 502(a), 502(b) are mounted on a 
metal substrate 504. The substrate 504 can form a common 
output (e.g., a common drain) terminal for the semiconduc 
tor devices in the semiconductor dies 502(a), 502(b). The 
semiconductor dies 502(a), 502(b) would be processed as 
previously described and the conductive structures 505 
would be formed on the semiconductor dies 502(a), 502(b) 
as previously described. However, instead of sawing the dies 
individually to separate them from each other during a wafer 
dicing process, the sawing process would be modified to 
result in pairs of die connected by the common metal layer. 
In other embodiments, the dicing process may use a grinding 
process instead. 
0059 Embodiments of the invention have a number of 
advantages. First, the semiconductor die packages according 
to embodiments of the invention are Small and may be used 
in chip Scale packages (CSPs). Second, because the pack 
ages can be formed using thin semiconductor dies, the 
packages have low on resistance and inductance properties 
and good thermal dissipation properties. Third, since the 
packaging formation process occurs when the dies are 
present in a semiconductor wafer, costs are reduced since 
each die need not be individually manipulated for packag 
1ng. 

0060. The above description is illustrative and is not 
restrictive. Many variations of the invention will become 
apparent to those skilled in the art upon review of the 
disclosure. The scope of the invention should, therefore, be 
determined not with reference to the above description, but 
instead should be determined with reference to the pending 
claims along with their full scope or equivalents. 
0061. One or more features from any embodiment may 
be combined with one or more features of any other embodi 
ment without departing from the scope of the invention. For 
example, a mechanical layer and metal Substrate combina 
tion is shown in FIG. 2. This combination can be used in any 
of the embodiments shown in the other Figures in this 
application. 

0062) A recitation of “a”, “an” or “the' is intended to 
mean “one or more' unless specifically indicated to the 
contrary. In addition, words such as “over”, “under, etc. are 
used to described features as they are shown in the Figures 
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and may or may not refer to absolute positions when the 
semiconductor die packages according to embodiments of 
the invention are made or used. 

0063 All patents, patent applications, publications, and 
descriptions mentioned above are herein incorporated by 
reference in their entirety for all purposes. None is admitted 
to be prior art. 

What is claimed is: 
1. A semiconductor die package comprising: 
a metal Substrate; 
a semiconductor die comprising a first Surface comprising 

a first electrical terminal, a second Surface including a 
second electrical terminal, and at least one aperture, 
wherein the metal substrate is attached to the second 
Surface; and 

a plurality of conductive structures on the semiconductor 
die, wherein the plurality of conductive structures 
includes at least one first conductive structure disposed 
on the first Surface of the semiconductor die, and at 
least one second conductive structure disposed in the at 
least one aperture, 

wherein the at least one second conductive structure is in 
electrical communication with the second terminal at 
the second Surface of the semiconductor die. 

2. The semiconductor die package of claim 1, further 
comprising a mechanical layer attached to the metal Sub 
strate, wherein the metal substrate is between the mechanical 
layer and the semiconductor Substrate. 

3. The semiconductor die package of claim 1, wherein the 
semiconductor die comprises a power transistor, wherein the 
first electrical terminal is an input terminal and the second 
electrical terminal is an output terminal. 

4. The semiconductor die package of claim 1, wherein the 
semiconductor die has a thickness less than about 50 
microns and wherein the metal Substrate has a thickness 
greater than about 50 microns. 

5. The semiconductor die package of claim 1, wherein the 
conductive structures are solder bumps. 

6. The semiconductor die package of claim 1, wherein the 
conductive structures are plated metal layers. 

7. The semiconductor die package of claim 6, further 
comprising Solder on the plated metal layers. 

8. The semiconductor die package of claim 1, wherein the 
semiconductor die is a first semiconductor die and wherein 
the semiconductor die package comprises a second semi 
conductor die, wherein the second semiconductor die is 
attached to the metal substrate. 

9. The semiconductor die package of claim 1, further 
comprising a first metal layer on the first Surface of the 
semiconductor die, and a second metal layer overlapping the 
first metal layer, wherein the second metal layer and the first 
metal layer are electrically isolated from each other and 
wherein the first metal layer is electrically coupled to the at 
least one second conductive structure. 

10. The semiconductor die package of claim 1, wherein 
the semiconductor die comprises a power MOSFET, 
wherein the first terminal is a source terminal in the power 
MOSFET, and the second terminal is a drain terminal in the 
power MOSFET, and wherein the first surface of the semi 
conductor die comprises a gate terminal. 
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11. An electrical assembly comprising: 
the semiconductor die package of claim 1; and 
a circuit board, wherein the semiconductor die package is 

mounted to the circuit board. 
12. A method comprising: 
obtaining a semiconductor die comprising a first Surface 

comprising a first electrical terminal, a second Surface 
including a second electrical terminal, wherein the 
metal substrate is attached to the second surface of the 
semiconductor die; 

forming at least one aperture in the semiconductor die, 
thereby exposing a portion of a surface of the metal 
Substrate; and 

depositing at least one conductive structure in the at least 
one aperture, wherein the at least one conductive struc 
ture is in electrical communication with the metal 
Substrate. 

13. The method of claim 12 further comprising attaching 
a mechanical layer to the metal substrate, wherein the metal 
Substrate is between the mechanical layer and the semicon 
ductor substrate after attachment. 

14. The method of claim 12 wherein the semiconductor 
die comprises a power transistor, wherein the first terminal 
is an input terminal and the second terminal is an output 
terminal. 

15. The method of claim 12 wherein the semiconductor 
die has a thickness less than about 50 microns and wherein 
the metal substrate has a thickness greater than about 50 
microns 

16. The method of claim 12 wherein the conductive 
structures are solder bumps. 
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17. The method of claim 12 further comprising depositing 
at least one conductive structure on the first surface of the 
semiconductor die, the at least one conductive structure 
being in electrical communication with the first terminal. 

18. The method of claim 12 whereinforming at least one 
aperture comprises etching the semiconductor die. 

19. The method of claim 12 wherein depositing at least 
one conductive structure comprises electroplating. 

20. The method of claim 12 wherein after depositing, a 
semiconductor die package is formed, and wherein the 
method comprises: 

mounting the semiconductor die package to a circuit 
board. 

21. A method comprising: 

obtaining a semiconductor die comprising a first Surface 
comprising a source terminal, a second Surface includ 
ing a drain terminal, wherein the metal Substrate is 
attached to the second Surface of the semiconductor 
die, and wherein the semiconductor die has a thickness 
of less than about 50 microns; 

forming at least one aperture in the semiconductor die, 
thereby exposing a portion of a Surface of the metal 
Substrate; and 

depositing at least one conductive structure in the at least 
one aperture, wherein the at least one conductive struc 
ture is in electrical communication with the metal 
Substrate. 


